BACKGROUND: It is unclear whether having a Caesarean section results in fewer subsequent pregnancies with longer intervals between pregnancies, an effect which may impact on the reproductive performance of a population. Our aim was to determine the implications of a Caesarean section on the subsequent fecundity and interpregnancy interval. METHODS: This is a cohort study. The obstetric follow-up of primiparous women who delivered by a Caesarean section of a singleton infant in breech presentation is compared with the follow-up of women who delivered vaginally of a singleton infant after a physiological, uncomplicated pregnancy. RESULTS: A total of 279 women delivered a singleton infant in breech presentation at term. From these women, 165 (59.1%) had a Caesarean section. In this group, 131 (79.4%) women had a subsequent pregnancy. In the reference group of 268 women who delivered vaginally, 208 (77.6%) became pregnant again. The median interval between birth of the first child and the beginning of the next pregnancy was 20 months for the Caesarean section group and 18 months for the reference group. No significant difference in interpregnancy interval between the different groups was found. CONCLUSIONS: Women who delivered by Caesarean section at term in their first pregnancy do not have fewer second pregnancies compared with women who delivered vaginally. The interpregnancy interval between first and second pregnancy was not prolonged.
Introduction
It has been shown that Caesarean section is associated with fewer subsequent pregnancies and births (Hemminki, 1996; Jolly et al., 1999; Mollison et al., 2005) . Women with a Caesarean section in their first pregnancy seem to have a lower subsequent pregnancy rate compared with women who have had a vaginal delivery in their first pregnancy (Albrechtsen et al., 1998; Bahl et al., 2004) . Also, delivery by Caesarean section has been shown to lead to a prolonged time to next conception (Murphy et al., 2002; Mollison et al., 2005; Smith et al., 2006) .
If the consequence of a Caesarean section is that women have fewer subsequent pregnancies or that the interval between pregnancies is longer, than in the long term a Caesarean section could have impact on fertility and hence on the reproductive performance in a population. Delaying a pregnancy could lead to lower fecundity due to relative older age. Furthermore, this can lead to more subsequent pathology during pregnancy related to an older age.
A possible explanation for delay of a next pregnancy could be serious obstetrical or other pathology during pregnancy that has made a Caesarean section necessary (Oral and Elter, 2007) . Furthermore, a prolonged delivery ending in a Caesarean section could result in a longer interval between pregnancies (Murphy et al., 2003) . A prolonged or painful vaginal delivery, however, could also influence the moment of a next pregnancy. Gottvall and Waldenström (2002) reported that women who had a negative experience of their first birth, had fewer subsequent children and a longer interpregnancy interval. Gamble (2001) showed that despite having negative views of their first Caesarean section, women requested another Caesarean section because of fears relating to current or previous obstetric complications. An elective Caesarean section followed by an uncomplicated postpartum period could perhaps be a reason to have a next pregnancy sooner. In the previous investigated populations the indication for a Caesarean section is a non-considered factor. The underlying pathology for performing a Caesarean section is not at all clear in several studies concerning this issue and hence could have influenced the moment and time of the next pregnancy (Mollison et al., 2005; Bhattacharya et al., 2006) . In all prior studies no distinction was made between patients that have had an elective Caesarean section and those who have had an emergency Caesarean section (Albrechtsen et al., 1998; Murphy et al., 2002) . The role of undergoing a Caesarean section per se on a next pregnancy is therefore not quite clear.
The influence of a Caesarean section on a next pregnancy should ideally be investigated in a population without pregnancy related problems. Women with an uncomplicated pregnancy and a non-malformed child in breech presentation in a non-malformed uterus at term can be considered healthy, although we cannot rule out they are a priori totally problemfree. A substantial number of patients in these circumstances will have a Caesarean section just for the breech position. Comparing results of this population with a population of women who deliver vaginally after an uneventful pregnancy, can contribute to an answer on the question if delivery by Caesarean section influences the subsequent obstetric performance and the interpregnancy interval.
The aim of our study is to investigate the implications of a Caesarean section in the first pregnancy for the reproductive performance and subsequent interpregnancy interval. To this end, we first want to establish the obstetrical performance and the interpregnancy interval in a population with an uneventful first pregnancy and delivery. Secondly, we will compare the obstetrical performance and the interval between first and next pregnancy of patients having a Caesarean section after an uncomplicated first pregnancy. Comparing the results of these two groups will give more information about the role of the Caesarean section itself on the reproductive career of women.
Materials and Methods
In this cohort study, one of the study groups included all primiparous women with a non-malformed singleton infant in breech position after the 36th week of an uneventful pregnancy between January 1998 and December 2002 (n ¼ 279). All these women were planned to give birth at home but only because of the breech position they were sent to the hospital. We collected data from their first pregnancy and delivery and followed-up each patient until 31 December 2005. Hence, follow-up was at least 36 months. We established if the patient had a second pregnancy during this period and collected data from that pregnancy too.
Women with spontaneous or induced abortion or a history of infertility before the first ongoing pregnancy were not excluded from the study. Women with a known uterine anomaly were excluded.
We created a reference group of patients with an uneventful pregnancy that ended in a spontaneous birth of a non-malformed child in vertex position at home in the same period (n ¼ 268). The Dutch obstetrical system, where healthy women with uncomplicated pregnancies give birth at home, gives us an opportunity to select patients for the reference group. In 2001-2002, 30% of the deliveries in the Netherlands took place at home (Anthony et al., 2005) . Furthermore, in the Netherlands no recommendations are given with respect to the interpregnancy interval after Caesarean section. All the patients in this study are from the same geographical area around the teaching hospital of Deventer, in the eastern part of the Netherlands.
Each patient in the breech presentation group was matched with a patient from the reference group. We matched for date of delivery + 6 months and for age of the mother + 1 year. Data were retrieved from the local obstetrical database. This obstetrical database is used in our hospital and an identical database is used by midwives and general practitioners who are responsible for the obstetrical care at home. Obstetrical data of subsequent pregnancies in these databases are registered in a longitudinal way. Every patient has a unique number in these databases. From all patients in the region around the hospital data concerning pregnancy are stored in these databases. To put data together from the databases of the hospital, the midwives and the general practitioners we used deterministic joining, based on the unique patient number. Thereafter, we have made a copy of the complete database and we removed all the identifying characteristics of the patients.
The total population was divided into four groups: breech presentation and elective Caesarean section, breech presentation and emergency Caesarean section, breech presentation and vaginal delivery and vertex position and vaginal delivery.
All data were analysed with the Statistical Package for the Social Sciences (SPSS) 14.0 (SSPS, Inc., Chicago, IL, USA). For analysis of differences between groups, we used the student's t-test, chi-squared test, Mann-Whitney U-test or Kaplan-Meyer curves, when appropriate. Statistical significance was assumed if the P-value was ,0.05.
Results
Between January 1998 and December 2002, 5515 women at term gave birth in our hospital. In 659 cases the child was in breech position. From these cases, a total of 279 primiparous women were sent to the hospital in this period because of a non-malformed singleton infant in breech presentation after the 36th week of the pregnancy or during delivery. From these 279 women, 165 (59.1%) delivered by Caesarean section and 114 women delivered vaginally (40.9%). In the reference group, 268 women were included who delivered vaginally of their first child in vertex position at home. We were not able to find a matching patient for appropriate birth date or age for 11 women. Epidemiological and obstetrical characteristics of the women who delivered of a singleton infant in breech presentation and the women from the reference group are presented in Table I . All women were followed-up for a period with a median duration of 5 years (range 3.36-8.31). Table II shows that there is no difference in number of subsequent pregnancies between the total Caesarean section group and the reference group (P ¼ 0.800). There was also no difference for having a second pregnancy between the vaginal group, the elective Caesarean section group and the emergency Caesarean section group (P ¼ 0.433).
We retrieved information from our database about the interval between the date of birth of the first child and the date of the last period of the next pregnancy for 205 women in the breech group and 204 in the reference group (Table III) . From nine women of the breech group and four women of the reference group, the data of the next pregnancy were not complete in the database. Only the fact of pregnancy was known, but unfortunately reliable data concerning the estimated date of delivery were missing in our database. No difference in interpregnancy interval has been found.
The presentation of the child at next delivery is shown in Table IV . From the 214 women in the breech group, 172 had a next delivery, 23 women had a spontaneous abortion, 1 woman had an induced abortion and 3 women had an ectopic pregnancy. From 15 women, it is known that they have had a subsequent ongoing pregnancy, but the information in the database about the delivery is incomplete in this respect. From the 208 women in the reference group, 165 had a next delivery, 23 women had a spontaneous abortion, 1 woman had an induced abortion and 1 woman had a stillbirth. From 18 women, it is known that they have had a subsequent pregnancy, but the information in the database about the delivery is incomplete in this respect. From all these women in both groups, only the estimated date of delivery was known. The details about the delivery were missing due to departure from the region during pregnancy. When the first child was in breech position, in the next pregnancy 15.7% of the cases had another child in breech position. In the reference group only one child was in breech position at the next delivery. Table V shows that most of the women from the breech group delivered vaginally in the next pregnancy (86.1%), with 68.9 and 83.7% for women who had undergone elective or emergency Caesarean section, respectively. We compared the reference group with the Caesarean section group for the mode of the next delivery divided in vaginal delivery and Caesarean section. In the Caesarean section group, 87 women delivered vaginally and 22 women delivered by Caesarean section again. There was a significant difference between the reference group and the Caesarean section group for mode of delivery for the next delivery (P , 0.001).
The association between a Caesarean section and subsequent pregnancy was also studied by means of Kaplan -Meier curves, which take into account not only whether a woman has one more pregnancy or not, but also the interpregnancy interval. Kaplan-Meier curves estimate the time to an event as survival time which in this context corresponds with the interval between the first birth and the next pregnancy. The estimated mean time to the next pregnancy was 21.257 months [95% confidence interval (CI) 18.435 -24.078] for the reference group and 22.801 months (95% CI 19.509 -26.093) for the Caesarean group (Log Rank 1). Women who did not have another pregnancy during the observation period were censored observations (Fig. 1) . Exclusion of the patients in the study group, for whom no matching patient was found, did not alter the results.
Discussion
In our study, we saw no differences in the proportion and timing of a following pregnancy between women undergoing a Caesarean section and women giving birth vaginally after uncomplicated pregnancies.
In our reference group of women with an uneventful first pregnancy and delivery 77.6% became pregnant again. Their median interpregnancy interval was 18 months. When an uneventful pregnancy did end in a Caesarean section, we did not see fewer subsequent pregnancies, nor did we see a longer interpregnancy interval. Although the number of patients in the elective Caesarean group is only 35 (with a median interpregnancy interval of 22 months), a trend towards a prolonged interval compared with the reference group of 204 patients (with a median interpregnancy interval of 18 months) cannot be denied.
These results seem to be in contrast with results from the literature. Porter et al. (2003) started a debate about this subject: does Caesarean section cause infertility? They concluded that Caesarean section does cause infertility and stated that as yet it is unclear whether reproductive potential is compromised by the effect of pelvic surgery or whether women are deliberately limiting their fertility following Caesarean section. Recently, Oral and Elter (2007) suggested that the surgical impact of Caesarean delivery on subsequent delivery is negligible. An important indication for their proposition is the finding of Hannah et al. (2004) that the fecundity rate of In most studies information about the indications for a Caesarean section is limited. It is not unthinkable that pregnancy or delivery-related problems leading to a Caesarean section differ considerably in literature. But this underlying pathology in pregnancy or delivery could have serious consequences and can lead to a negative birth experience with obvious impact on fertility and interpregnancy interval. The strength of our study is that it includes a well-defined cohort of healthy women with an uncomplicated pregnancy in a well-defined area of the Netherlands during a recent 5-year period. In this cohort, it is possible to establish the pattern of fecundity and interpregnancy interval after an uncomplicated pregnancy and vaginal birth. It is also possible to compare this with the fecundity and interpregnancy interval after an uncomplicated pregnancy ending in a Caesarean section. Our study at least suggests that in our region women do not limit their fertility because of a Caesarean section in their past. LaSala and Berkely (1987) found a small excess of infertility following Caesarean section and speculate that surgery may be the crucial factor which pushes some less fertile women into the infertile zone. Although in our study only a few women with fertility problems before the first pregnancy are included, we did not find an indication for fertility problems because of the pelvic surgery. In our breech presentation group there are more women with a history of infertility than in the reference group. These women who were aware of being subfertile may have started therefore trying for another child earlier than those in the reference group. In our database we do not have information on the start date of trying to become pregnant, so the impact of this phenomenon in our region is beyond our scope. We recognize the fact that there are many possible other determinants of the interpregnancy interval that we do not have data on, like the desire for obtaining a given family size, the use of contraceptive methods and so on. However, due to the nature of our study and the selection of patients a priori differences are not to be expected in these groups in this respect.
A second outcome of our study was that if a first child is born in a vertex position, there is only a minimal chance of birth in breech position during a subsequent pregnancy. However, when a first child is born in breech position the chance of recurrence is 15.7%. Furthermore, if a first child is born after an uneventful pregnancy and vaginal delivery, the chance of an uneventful vaginal delivery during the subsequent pregnancy is very high (99.4%). If a first child is born by Caesarean section due to breech position, the chance of a normal vaginal delivery in the next pregnancy remains fairly high (79.8%), irrespective of the child's position. These figures could be reassuring when counselling a patient after her first pregnancy with respect to her obstetrical outcome in future. The obstetrical concerns with respect to risks related to a Caesarean section for the subsequent pregnancies remain present, such as an enhanced risk of uterine rupture and retained placenta due to placenta increta, but were not the subject of our study.
Remarkable is the high age of our study population, however, the mean age of our patient group (29.6 -30.0 years) is representative of the mean age of the women giving birth to their first child in the Netherlands.
The weakness of our study is the restricted size. We would, therefore, strongly suggest to carryout this study again in another and larger population to see if the impact of a Caesarean section on fertility and interpregnancy interval is comparable with our findings. Eijsink et al.
Our study sheds new light upon the contention that a Caesarean section per se has a negative influence on the subsequent pregnancy with respect to number and interpregnancy interval.
